The link between ICT and the demand for high-skilled labour is due to the fact that the introduction of digital technologies alters the skill requirements of occupations in three main ways (Spitz, 2003): 1) ICT capital substitutes repetitive manual and repetitive cognitive activities, 2) ICT capital is complementary to analytic and interactive activities, and 3) ICT capital increases the requirement for computing skills. Within this framework, we have analysed the determinants of labour productivity of individuals that have taken higher education programmes online to test how occupational skill requirements and the degree of ICT adoption by the industry matches skills of online students. In order to do this, we have assumed an implicit relationship between education and ability (Griliches and Mason, 1972), recognizing that online students may acquire specific skills, such as computing skills and abilities related to ICT use. For the empirical analysis we have used a database of degree students from the UOC (Universitat Oberta de Catalunya). The results from our model based on Mincerian equations show three important facts: 1) schooling is not a significant variable to explain wage differentials; 2) experience, understood as previous productivity and production losses avoided, is the most important variable explaining improvement of wages; and 3) ICT skills have a positive and significant effect on wage levels. 
Introduction
International literature provides clear empirical evidence that education leads to major benefits, both for individuals and for society as a whole. In economic terms, human capital accumulation as a result of the educational process must be considered a mixed good, i.e. a private good with positive public externalities. The nature of educational goods leads to the distinction between private and social educational benefits.
From the private benefits point of view, and following human capital theory approach, the increase in individuals' level of educational attainment is consistent with an increase in their productivity in the labour market, which explains higher wages for more educated workers. Since Mincer (1974) , who estimated that individuals' schooling accounted for around 10% of wage increases in the USA, to today, a large amount of empirical evidence 1 demonstrates a high positive correlation between individuals' educational levels and wages. Therefore, taking into account age and experience, better-educated workers earn more than their less-educated peers (Cipollone, 1995) . However, education is not the only explanatory variable of wage differentials. There are other variables, sometimes difficult to measure, that affect labour market outcomes: individuals' innate ability, social and economic status, family background and other social factors. But, as pointed out by Hinchliffe (1995) , earnings functions and path analysis of the effects of individuals' background characteristics on occupational attainment and income have indicated that, while much of the variance remains unexplained, the most important single indicator is education. Indeed, it has also been proven that a virtuous circle arises within the complementary relations between education and income, so that education can explain higher earnings for workers while higher income causes increases in the demand for education (Sianesi and Van Reenen, 2002) .
Other individual benefits from higher levels of education, directly related and complementary to wages, are 1) the higher likelihood of participating in the labour market and 2) the lower of being unemployed. Participation in the labour market and unemployment rates are closely related to education (OECD, 1997 and 1998; de la Fuente, 2003) and help to explain the economic benefits for individuals.
An important concern is that benefits of educational investments for individuals extend beyond increases in earnings and employment conditions to other factors that have an indirect effect on economic benefits. In this sense, education has a positive impact, among other factors, on health (Taubman and Rosen, 1982; Desai, 1987) , on intergenerational cognitive development (Angrist and Lavy, 1996; Lam and Dureya, 1999) , on developing more rational organizational and financial competence, and better analytical skills (Lassibille and Navarro Gómez, 2004) , on increasing the likelihood of participating in politics and social decision mechanisms (Campbell et al., 1976) , on adopting a better consumption technology and a greater efficiency in making consumption choices (Rizzo and Zeckhauser, 1992) and on higher saving rates (Solomon, 1975) . All these additional advantages are real benefits from education but they are difficult to measure in monetary terms.
From a social point of view, education plays an important role in determining the level and the distribution of income, in productivity and in economic growth of firms (and institutions in general).
Firms and institutions benefit from having more educated employees at their disposal through two main channels: 1) through the positive effect of education and training on the improvement of productivity levels and rates of growth (Dearden et al., 2000; Bresnahan, Brynjolfsson and Hitt, 2002) , and 2) through the spill-over effects from better-educated workers. Therefore, the incidence of higher levels of educational attainment is shown not only in the higher productivity of educated workers, but also in the increase in productivity of other workers as a result of learning by imitation and improving their skills from working with them (London Economics, 2005) .
For the society as a whole, the empirical evidence suggests that there is a positive relationship between education (through human capital formation mechanisms) and economic growth (Lucas, 1988; Romer, 1990; de la Fuente and Ciccone, 2002; Jorgenson, Ho and Stiroh, 2005) , particularly when technological change is considered (Psacharopoulos and Patrinos, 2004) . These economic benefit estimations are usually based on gross wages across the economy and on the fiscal incomes derived from economic growth of the industry.
There are also other social benefits that indirectly affect performance of economies through different channels. Education produces external effects that have a positive impact on agents other than those benefiting from it. These externalities, such as social cohesion, political stability, or citizen participation on public policy issues, are difficult to identify and, especially, to measure. Nevertheless, some authors have tried to identify and quantify educational externalities (Weisbrod, 1964; Havenam and Wolfe, 1984; Heckman and Klenow, 1997; McMahon, 2000; Acemoglu and Angrist, 2000; or Davies, 2002) by three major methods: 1) consumer surplus or welfare improvements, 2) expenditure on related private goods, and 3) hedonic pricing models. The results of these studies show that the measure of social spill-overs explains the existence of significant higher returns to investment in education for societies. In fact, the most plausible sources of these externalities are the link between human capital and the rate of technological change, and the indirect effect of education on productivity and employment through the quality of institutions that may be considered a component of social capital (de la Fuente and Ciccone, 2002) .
In addition, the increase of individual and social human capital acquired through e-learning provision and e-learning contribution to develop workers' e-skills may help to reduce skill-biased technological change effects on wages distribution in labour markets.
Costs and benefits from education
Costs and benefits can be combined in several ways for a cost-benefit analysis. The most common methods are rates of return, cost-benefit (and benefit-cost) ratios and net present values. The estimation of internal rates of return on investment, i.e. the interest rate that equates the present values of benefits and costs (Psacharopoulos and Woodhall, 1985) , captures the complete picture of the costs and benefits of education and, therefore, it demonstrates which forms of investment produce the best value for money.
The rate of return to investment in education is a measure of the future net economic payoff to an individual or society of increasing the amount of education offered (Carnoy, 1995) . It is calculated by setting the discounted value of costs (C i ) and benefits (B i ) over time equal to zero and solving for the implicit discount rate r:
Private rates of return for individuals and rates of return for society are estimated, in which private benefits are added to those accruing to firms and society, and private costs are also added to costs incurred by firms and society (table 3) .
From the standpoint of the individual, to estimate the private rates of return, private costs and benefits must be computed. The benefits of additional education are the additional income the individual earns as a result, the non-economic consumption benefits that educational investment provides over a person's life, and the direct consumption benefits derived from the educational process. However, in measuring private rates of return, economists have limited themselves to the earnings benefits of education (Carnoy, 1995) .
From the standpoint of society, social costs and benefits must be estimated. Social benefits are usually estimated by using the same average earnings streams as in the private rates of return calculation, corrected for income taxes.
Therefore, in order to analyse the economic return effects from education investment, two different types of discount rates must be estimated:
1) The private rate of return to education (r p ) through the discounted value of private costs (PC) and benefits (PB):
2) The social rate of return to education (rs), defined as the relation between social costs (SC) and benefits (SB):
Where:
= + SB PB UB UB = Benefits accruied by firms and society.
= + SC PC UC ; UC = Costs incurred by firms and society. 
Estimating the returns to education. Theoretical models
There are two principal methods used in estimating rates of return to education: the "traditional method" and the "Mincer method". The traditional method takes into account calculated annual costs and earnings by education level. To estimate private returns to education direct and indirect costs carried by individuals are added to opportunity costs (earnings foregone). And these are added to public costs to estimate annual social costs for the social rate of return. Annual private and social benefits are calculated from the difference in average earnings of those who have different levels of education. For the private rate income differences are estimated using net values, but for the social rate gross income figures are used. These annual costs and benefits are inserted into equation (1) to estimate the discount rate that makes costs and benefits equal.
The Mincer method uses regression analysis to fit a Mincerian human capital earnings function. The classical specification used to estimate the effect of individual schooling on wages has been the following (Mincer, 1974) :
Where W is the wage (earnings), S the years of schooling, E the experience, X a set of individual characteristics, and u the variation in log-wages not captured by the computed variables. The parameter θ measures the percentage increase in wages associated with an additional year of schooling. Under certain conditions (which include the assumption that there are no direct costs of education) θ can be interpreted as the private rate of return to schooling. This is why θ is known as the Mincerian return to schooling and also as the schooling wage-premium or as the gross return to schooling (de la Fuente and Ciccone, 2002) .
The reasoning behind this calculation is that partial differentiation of lnW with respect to S gives a method of the calculation of rates of return (Carnoy, 1995) , in a continuous form:
And also in discrete form:
Where W s and W 0 refer to the earnings of those individuals with s and 0 years of schooling, respectively. Therefore, marginal rates of return to particular levels of education can be estimated from Mincerian regressions by substituting a string of dummy variables for each level of schooling.
Rates of return have been estimated for a large number of countries, by types and levels of education, by gender, and, for some countries, over time (Psacharopoulos and Patrinos, 2004) . The return to education is negatively related with the level of economic development of the country. This relation can be seen at all education levels (primary, secondary and higher education) but is most observable in the primary and secondary levels of education. Nevertheless, the major return to education of the primary and secondary education is a common pattern over time and across the countries. Indeed the classical pattern of falling returns to education by level of economic development and level of education are maintained (Psacharopoulos and Patrinos, 2004).
Education and wages: the role of ICT in the relationship between e-learning and labour productivity
From a labour economics point of view, published theories and empirical findings demonstrate that technological change has a significant impact on the labour market. This topic has been an important concern of economic research, and the discussion has intensified in the two last decades due to generalized adoption of ICT in the economic sphere (Spitz, 2003) . A key observation in this field is that highly skilled workers, and especially those with higher levels of educational attainment, are more likely to use computers in their jobs (Krueger, 1993) . These facts have led to the important consensus in the labour economics literature that a burst of new technology causes a rise in the demand for highly skilled workers, which in turn implies an increase in the wages of skilled workers relative to unskilled workers. This hypothesis is known as the Skill-Biased Technological Change (Acemoglu, 2002; Acemoglu, 1998) .
In this sense, some research (Berndt et al., 1992; Berman et al., 1994; Kaiser, 2000) shows that, over the last few decades, this has been during a structural shift towards the increase in deployment of white-collar work in most sectors of developed economies and a rise in employment of workers with high levels of formal education. Moreover, other studies (Wolff, 2000; Autor et al., 2001 ) have found that the changing in employment patterns resulted in an upgrading of cognitive and interactive skills and a decreasing demand for manual skills. This evidence is simultaneous with the increase of ICT investment and extent to which firms adopt ICT. The link between ICT and the demand for high-skilled labour is due to the fact that the introduction of digital technologies alters the skill requirements of occupations in three main ways (Spitz, 2003) : 1) ICT capital substitutes repetitive manual and repetitive cognitive activities, 2) ICT capital is complementary to analytic and interactive activities, and 3) ICT capital increases the requirement for computing skills. This relationship underlies the evidence that, compared to previous technological revolutions (that aimed to routinize manual tasks), digital technologies are also capable of taking over simple human cognition tasks such as perceiving, choosing and manipulating processes, and searching and managing information; and in addition computer technologies are complementary to analytical and interactive activities. There is also evidence that ICT capital does not substitute whole occupations, but that it is limited to some tasks. This limited substitution relationship, pointed out by Bresnahan (1999) shifts the demand for labour towards workers with higher levels of education who are considered to have a comparative advantage in performing analytical and interactive tasks. Thus, computer technologies shift the relative skills requirements of occupations towards analytical and interactive activities.
From the private benefits point of view, and following human capital theory approach, the increase of individuals' level of educational attainment is consistent with an increase of their productivity in the labour market, which explains higher wages for more educated workers.
Moreover, there is a relation between the labour market experience, major education attainment and higher earnings. As we can see in the table below, 10 years of experience in the labour market increase real earnings by approximately 16% for employees with less than upper secondary education, 30% for employees with upper secondary education and 40% for employees with tertiary education. These data make it evident that earnings grow with experience significantly faster for the more educates employees than for the less educated.
To determine differences in wages between individuals that have followed higher education programmes through online methodology it is useful to test how occupational skill requirements and the degree of ICT adoption by industry matches online students' skills.
In order to do this, it is necessary to assume an implicit relationship between education and ability (Griliches and Mason, 1972) , recognizing the fact that online students may acquire specific skills. In particular, it is assumed that online students should attain higher computing skills and more abilities related to ICT use, such as knowledge transmission by digital devices, information management, selfprogramming and continuous learning abilities (Levin et al., 1987) .
Data from Spitz's work IT Capital, Job Content and Educational Attainment (2003) allow us to see some changes, and new trends in the skills requirement along the period from 1979 to 1999. The data describe an increase in the average proportion of interactive skills in the work of all occupational categories (all the occupational groups increase the interactive tasks more than 50 %). Furthermore, professional, technical and clerical workers realize less analytic tasks than in 1979 in contrast to production operatives and craft workers who carry out more analytic tasks in their occupations. This trend may be partially due to the increase in education for the production operatives and craft workers. Source: Spitz (2003) The repetitive and the non-repetitive manual skills requirements decreased significantly over the two decades in all the occupational groups, even among the operatives and craft workers. There was a progressive increase in pc-skills requirement in all the occupational groups during this the period. Clerical workers are the occupational group that use their pc-skills more intensively.. Source: Spitz (2003) 5. E-learning skills and productivity: the case of UOC's degree students
Within the Skill-Biased Technological Change framework, we aim to verify two interesting points:
• Experience, understood as production losses avoided, is a critical factor in explaining wage improvement for online graduates.
• ICT skills have a positive and significant effect on labour productivity (wages) as firms value the interactive and analytical abilities beyond ICT uses at the place of work.
According to the theoretical framework, it is feasible to identify some critical sets of variables in the explanation of online degree students' wages. We have divided these variables into three categories:
1. The usual variables in wage analysis, based on individual's traits (sex, age, parenthood and economic position at home) and on schooling.
2. An additional set of variables based on the individual's position at work: the kind of job and the existence of flexitime at work.
3. Some variables reflecting individual's ICT skills and professional-ICT based skills. We also used a database of degree students from the UOC which has information on individuals' wages and skills, obtained through a survey conducted in 2005. Source: authors
We have used Mincerian wage functions to analyse the relationship between wages and the abovementioned set of explanatory variables The results from the analysis show that all the variables used in our model have a positive and significant relation with degree students' wages, except schooling and professional ICT-based skills. Moreover, we can also confirm that the explanatory variables we have computed are useful to explain more than 60% of the differences in wages of degree students.
Our results show some interesting features:
• First of all, it is very important to comment that schooling, in which studies at UOC are included, is not a significant variable to explain the level of wages for degree students after their investment in education.
• A second result that should be hightlighted is that experience, understood as previous productivity and production losses avoid, is the most important variable explaining wages improvement for online degree students.
• A third notable result is that we have been able to demonstrate that the more ICT skills are developed in individuals, the more likelihood there is of increasing labour productivity, measured through wages. We have also found that soft skills related to ICT uses (technical knowledge, continuous learning, self-programming, time management, decision making, adaptability, communication, networking) do not have a significant effect on wages improvement, showing a gap between workers skills and labour needs in Catalan industries.
• In addition, we can affirm that there are some individual characteristics that have a positive and significant impact in the explanation of wage differentials: married men who are the main income providers are more likely to have higher wages than the rest of the sample. • Finally, from the labour market point of view, entrepreneurs have higher returns than workers, and within this last category full-time workers in the private sector receive higher wages than workers in the public sector or part-time workers. 
